SUMMARY: Extracts of 288 plants, mostly British, were examined for suppressive action on the development of a bacteriophage of Pseudomonas pyocyanea. Many possessed this property and eight of them suppressed the growth of phage at concentrations less than one-tenth of those which affected the growth of the host, Ps. pyocyanea.
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blades, to make 10 % (w/v) suspensions. The alcohol was used as a preservative, 15 % being the maximum concentration which did not interfere with the tests; bacterial growth was inhibited but moulds occasionally grew on storage. The extracts were usually tested the day after preparation. As far as possible, samples representative of the whole plants were taken, as the concentration of active material in the different parts varied. There was also some variation between samples of the same plant when collected at different times.
Testing of extracts Against Ps. pyocyanea phage in vitro. The method was that of Dickinson (1948) with certain modifications. Dilutions of the extracts were made in 9 ml. lactate medium, 0-5 ml. 1/10 dilution of a 24 hr. culture of Ps. pyocyanea (ClO) was added, followed at once by 0-5 ml. phage (Pb) suspension with a titre of about 7000 infective phage particles per ml. The tubes were incubated a t 37' for 20 hr. and a loopful from each was then placed on a seeded plate prepared by pouring a thin layer of agar containing 5 yo (v/v) C 10 culture on to a layer of nutrient agar and then drying. About thirty-seven ' spots ' were placed on each plate. The plates were incubated for 20 h. and then examined.
When no bacteriophage suppression occurred in the dilution tubes, the 'spotted' area showed confluent lysis and such dilutions were described as inactive. Dilutions were described as active when no such lysed area formed, provided that the growth of host at that dilution was not affected. The original concentration of phage in the dilutions was insufficient to produce an area of lysis on the plate. Host growth in the dilution tubes was occasionally difficult to estimate due to the presence of the plant debris; usually the formation of a surface pellicle was used as the criterion of host growth but when no pellicle formed, bacterial counts were made by the plate method.
Against Injuenxa A virus in eggs. Extract (0.2 ml.) was inoculated into the allantoic sac of ll-day chick embryos; 1 hr. later, approximately 100 minimal infective doses of Influenza A virus (strain PR 8) in 0.2 ml. phosphate buffer (pH 7.4) were inoculated by the same route, followed by 1 0 0~. each penicillin and streptomycin in 0.1 ml. water. After a further 48 hr. incubation a t 37O, the increase of virus in the allantoic sac was detected by the haemagglutination of fowl red blood cells, based on Salk's method (1944). One drop of allantoic fluid was added to 0.5 ml. 0.25 yo washed fowl cells in saline, and the mixture allowed to stand at room temperature for 1 hr. Haemagglutination was considered an indication of virus multiplication, as the inoculum was insufficient to cause haemagglutination ; neither false haemagglutination nor ' haemagglutination inhibition ' was observed in control tests with extracts a t the concentrations used. Extracts were also inoculated at varying intervals after infection and via the yolk sac 1 hr. before infection.
Against Injuenxa A virus in mice. The maximum tolerated dose of extract (containing about 10 times the amount found active in the embryonated-egg test) was given subcutaneously twice daily, beginning immediately before infection. Ten to one hundred infective doses of Influenza A virus were given intranasally under light ether anaesthesia. The survivors were killed 7 days 76 B. H . Chantrill (t) Good activity was shown by wild and garden plants. The wild plant appeared to be rather better than the garden ones; the best of the latter we examined was supplied to us as 'var. aurea'.
($) A garden variety supplied under this name.
Two plants were examined to ascertain distribution of the active material throughout the plant. In the case of Epilobium angustifolium (84), tested against Influenza A virus in eggs, the higher titres were obtained with extracts from fruits, flowers and leaves, in that order ; the stems were inactive. In the case of Saxifraga ZiguZata (250), tested against phage, the highest activity was obtained with extracts from the rhizome, but this distribution may have been due to the material having been collected in autumn.
Where one plant yielded an active extract there was a tendency for related plants to do so. The best example of this is in the Onagraceae where two species of Epilobium and one of Fuchsia showed activity in both tests ; Circaea lutetiana and Oenothera biennis also showed activity in the phage test, as did Singhara Plant eztracts and viruses 77 seeds. In the Primulaceae marked activity was shown by Lysimachia Nurnrnularia and L. vulgaris in both tests and L. nernorum was active against phage. All the common garden Saxifrages of the Megasea type which were examined were highly active.
Preparation of active solids
Plant no. 250 was macerated in distilled water containing 15 yo industrial spirit to make 10 yo (w/v) suspensions. For convenience this preparation was left overnight and the plant debris removed by filtration through kieselguhr. The brown filtrate was adjusted to pH 2.5 with HC1 and then well agitated with 1 yo (w/v) activated carbon. The carbon cake after vacuum filtration was drained and stirred with 10 times its weight of acetone containing 20 yo water for 20 min., the carbon filtered off and the acetone eluate shaken with an equal volume of carbon tetrachloride. The activity concentrated in the aqueous phase from which solid material was obtained by evaporation in vacuo at 45'.
This process yielded solid material from nos. 9, 20, 84 and 250, but not from nos. 32, 98, 240 and 287. In the case of those plants which did not yield an active solid, the active material appeared to have been absorbed on to the carbon but was not removed by the acetone elution. Solutions of the solids are referred to as 'concentrates' and preparations made in the course of the extraction are termed ' fractions '. Table 2 . After this time, 0.5 ml. host culture in nutrient broth plus 4 ml. nutrient agar were added. This stopped further action on the phage in lactate medium. The tubes were 'sloped' and incubated for 24 hr., when control tubes showed a countable number of plaques.
The phage of Ps. pyocyanea was used in early tests but later the T5 phage of Escherichia coli was used as it proved more sensitive and gave more clear cut results. Extracts of nos. 84 and 250 were tested against both Esch. coli and Ps. pyocyanea phages as well as against their hosts. For host counts, the drug dilutions were mixed with the host, allowed to stand for 1 hr., and then 'sloped' with nutrient agar. The inocula were adjusted to give discrete colonies in the control tubes. The results given in Table 4 indicate that the extracts and concentrates inactivated the phages of Ps. pyocyanea and Esch. coli in defined simple medium when left in contact with them for 30 min. a t room temperature, but they did not do so in the presence of broth.
Properties of the active solids. Solutions of the active extracted solids were precipitated by protein media, lead acetate or phenazone (l-phenyl-2,3-dimethyl-5-pyrazolone) and gave a blue coloration with ferric chloride. Similar tests to those described for the tests in eggs were carried out with extracts which had been treated with varying concentrations of phenazone to precipitate tannins. Concentrations ranged from 1 to 12 yo phenazone, and after standing for 1 hr. at room temperature the tubes containing the maximum precipitate (usually about 3 yo phenazone), were centrifuged at 10,000 r.p.m. for 15 min. Supernatants and precipitates were tested separately Plant eztracts and viruses in lactate medium and in broth. The results in Table 5 show that when precipitation occurred, the supernatant had little or no activity. The phenazone precipitates showed slight activity, probably due to dissociation of the complex. Only slight ppt. 
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Investigation of the tannins
In view of the properties, source and mode of extraction of the active solids, it was suggested that the activity was due to tannins. Several samples of commercial tannins were therefore investigated in both lactate medium and broth and against Influenza A virus ( Table 6 ). All extracts were inactive against phage in broth. Malabar kin0 was extracted by the same method as the plants and yielded a very potent solid; this was also inactive in broth.
The malabar kin0 concentrate was inactive in vivo. It behaved similarly to the plant extracts when tested in a contact test against Ps. pyocyanea and Esch. coli, phages before and after phenazone treatment. 
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DISCUSSION
The complete lack of action of the plant extracts in the presence of serum or broth, the effect of phenazone treatment and the properties of the active solids suggested that all the plant extracts investigated owed their activity to their tannin content. This view was supported by the similar behaviour of commercial tannins. Although extracts of different plants did not always behave alike, e.g. in their adsorption to and elution from carbon, this phenomenon is not unexpected, 'tannins' being a descriptive term for different chemical substances. The possibility that the active material was not itself a tannin, but was carried down by the precipitates was not excluded but, in view of the behaviour of commercial tannins, this seems unlikely. Since the plant extracts were active against phage only in protein-free medium it seemed unlikely that they would be of chemotherapeutic value; the small-scale mouse test against Influenza A virus supported this view. The action of the extracts on Influenza A virus in eggs is of interest and, early in the work, resulted in false assumptions being made as to the mode of action. The extracts were active when given 1 hr. before and 1 hr. after infection, and in one experiment extract no. 84 was active 4 hr. but not 5 hr. after infection. It was at first thought that this indicated an interference with the metabolism of virus within the host cells, but it is now evident that a viricidal action in the allantoic fluid, which contains very little protein, cannot be excluded. After 1 hr. and certainly after 4 hr. the virus would have been adsorbed on to the cells but the extracts could still exert their viricidal action when the virus was liberated into the allantoic fluid. Broth and serum-treated extracts were inactive against 1nfluenza.A when given via the allantoic sac, and the extracts showed no activity when given via the yolk sac. Similar results have been reported by Green (1948), who found that tannic acid prevented the multi-Plant extracts and viruses 81 plication of Influenza A virus in the allantoic sac when given up to 6 hr. after infection ; the virus was inactivated in vitro. Green (1949) also found that tea extracts were active via allantoic sac 2 hr. after infection but were inactive via the yolk sac. One of the incidental aims of these investigations was to establish a correlation, if any, between the phage test and the Influenza A test. Since the active principles of all the plants were probably acting by a similar mechanism, due to their tannin properties, the results do not clarify the position. However, no extract was found to be active against Influenza A without also showing activity against phage. The reverse was not true, 87 extracts showing slight activity against phage and none against Influenza A. It should be noted that in the phage test solutions are diluted 115, whereas in the egg test they are diluted about 1/50 by the allantoic fluid. In the absence of certain correlation, phage can only be used as one convenient test virus for 'screening' purposes. The results may or may not be applicable to other viruses. 
